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Haterialn Accoumti~ Cmsi?#rationo for
Tnt. rmtiomml Safagumrda in ● Light-Hater Reactor

Pwln Reprocessing Plant

by

It, A. WI-LA, D. D COBB, H. A. bYEH,
R. J, DIETZ, E. A. KSRN, ●nd J. P. SHIPLEY

Loo Also Scientific Laboratory, Loo Almmon, New Wxico

ABSTRACT

This papar ●m#rizcs the requirements and functions of
❑aterials meaour8ment and ● ccou,, .~ag ayotem ●pplicable to
large (!500 metric tonnes heavy rnetsl per year - HTHM/yr)

future reprocaoning facilitiao ●s =11 ●n mall (210RTHM/yr)
plants that ●re preoencly undm LAM oafeguarda. The affac-
tivaneoo of conventional ●nd propmad improvad mea.uremnt
and ●ccounting nyntcmo wre capartd using modeling, simula-
tion, mnd analyaia procaduraa. The ttudy shoved thmt con-
ventional ●ccouncmbility can meat IAEA go-l quantities and
detection times in thaae referenca faciliti~s only for 10*
●nrichad uraniLM. Dynamic maceriala ●ccounting may meet
LAIZAgoals for detecting abrupt (l-3 vita) diver-ion of B kg
of plutonium, Current or projacted techniquao cannot meet
the ona year protracted diversion goal for plutonitm if thio
Coal ia baood on ●n ●bsolute 8 kg quantity.

KEYUORDS: ?tuclaar tnf~guarda; dyrmmic accounting; fuel
raprocaoaing

1, IWTRODU~ION

This study ■tt~pta to identify problem ●nd propoaoo sol.~tiono involved in nuclear
materia18 ●ccountability for internationally ●af@guarding light-uater-reactor spent fuel
reproceaaing planta. The problem wao ●ddressed by otudying ● large reproceoting facility
that may be on otraam in the 1990a time frame ● I well ● n ● small plant repraaentative of
facilities praaently under LASA aafapards. Ftaar-real-time materiala measurement and
●ccounting concepts pravioualy propatd for ● State’s ●ccounting aysteml were ●xtended to
include the problcma ●aaociatad with intarnationsl vcrifie.ltion.

II. MSIS ?OR 1~’ZIUtATIONAL SAFEGUARDS

The baaia for moat currant international ●afeguarda ●gro-nto ia the 1968 Treaty on
the Non-Proliferation of Uuclaar Haapona (NPT) ●graed to by over 100 signatory nationE. The
detailed terms and condit!om uoder which specific facilitiat ●re safeguarded ● re negotiated
with the Intarnacional Atmic E~ergy Agency (IAEA) in ●ccord with the general conditions of

Article III of tha NPT so ●et forth in the MEA docment INPCIRC/153.2
The objectiva of international ●afcguarda, ●s daclared by thee? d~cuments, is the

II . . . timely detection of divoraion of ni~ificant quantities of nuclear material from peace-
ful nuclear ●ctivitiao. . . .“ ThQ emphacia iB on “. ..the uBe of materials ●ccountancy ● r ●

●af~guards meaourt of fundamental importance, with contairtmant ●nd ●uweillance ●n important
cmpl~mentary mea-ureo. ,. .“

INFCIRC/153, para. 31 also rcquiras that the IAEA “shall make full uae of the State’s
ayatm of ●ccounti~ for ●nd control of all nuclaar mterial oubject to nafcguardo under
tlI: Agraanant, ●nd shall ~oid ~n-caaary duplication of the Stata’o accounting ●nd control
●ctivitia~.” In tha can of raprocaaaing planto, the matoriala balance clori~lg ia deter-
mirmd hy cmputinu the matarial ~acCO~tQd for ●nd ita limit of ● rror baoed on a meacured,
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verified materialc balance. The uncertainty ●nmcimted with the nuclear materials balance
da~dn fundamentally on the meamumment oyntmm uncertainties, on the plant throughput, and
on the beginning and ●riding inventcmieo for the ■aterials balance period.

Tha application of intormacional nafe~uarda is ❑egotiated batwen the I-AM (Agency)
●nd the Stats (operator) m a cane-by-care bmaia. “Coal qwntitien” for the detection of
divcrsim have been propmsd by the ZA.EA, but have not been generallv sccepted by Member
Staten. Thaae “#oala” are related to the quantities of nuclaar materials required to pro-
duce m ●xplosive d-vice mod the time neceasory to convart the-e Uterimle to that purpoBe.
The Eoala include the detacticmt of the divaraion of:

o 75 kg of uraniu-235 contained in lowenriched u-ani- over t per;.od of one year.
o 8 kg of plutonitm in 1-3 umckn (“abrupt diwrsion”).
o 8 kg of plutonium ever ●n antire ycmr (“protracted diversion”).

The ●gency verification of the State’- accounting system consists of three oteps:

o Examination of the information provided in ihe Design Information Questionsire nnti
in subaaquant routine ●nd special ●ccounting reports;

o Collection of independent information by the IAPA in inspections;
o Evaluation of the info~tion provided by the State and collected in inspections

for th? purpose of determining the completeness, ●ccuracy, ●nd validity of the
information provided by the State.

Inspection activity ● s defined in INFCIRC/153 permits approximately 370CI man hours (1B
❑ an yeata) ●nd 1400 ■ an hours (7 ❑ an yearn) of ●nnual inspection, respectively, for plants
having ●nnual throughput of 1500 ●nd 210 Mlltt4.

III. WSENCE FACILITIES

In this study w have used the Allied-General ?tuclear Services (ACNS) Barnwell plant
as s reference facility for Lhe high-throughput plant and the PNC pilot facility at Tokai-
❑ ure , Japan (Tokai) ●s the reference facility for the smaller plant. Both reprocessing
plantn une conventional Purex technology to reproceea LUR reactor fuel having a nrnninal
plutonium concentration of approximately 1%. The following difference in procesB denign
or operation could be important for materials accounting.

o The AGNS plant URSS ● centrifugal contactor for inilial Fiaeion product decontami-
nation, with pul~ed columns for ●ll ●ubnequent ●xtraction, scrub, and strip opera-
tions. The Tokai facility aployo mixer-settlers throughout.

0 T1l- centrifuge for ao~{da r~val (fission p:oduct metallic ingots, Zircalov fines)
is located between the accountability t!nk and procena feed tank at ACNS anti
between the diaoolver ●nd ●ccountability tank ● t Tokai.

o An ●dditional scrub ●ection in the Tokai plant between the fission product decon-
tamination ●.d the uranimplutonim partitior, etepo provides an ●dditional 10 to
]00-fold improvement in finaion product decontminmtion before the plutonium puri-
fication cycle.

o Buffer tanka mre included between the decontamination ●nd partition cycleR and
between the partition ●nd plutonitm purification tyclea in the Tokai design,

xv. m$ sTRumoR.B you cotnmmotiu Am mmlc MATERIALS At3200NTINc

Bath the State’a nyat~ of accounting ●d control and the international nafeuuard~
nyttam depend fundamentally on the definitions of protean ● reas about which ❑ateriala bal-
●rices are to be drawn. We hava ●xamined ●eve:al strategies for drawing these balances for
the large and amll roproceating facilities and the conversion process.

We term conventional ●ny materials ●ccounting ncheme in which talanceo are drawn nolely
on the baois of phyaicsl inventori~n. Under this kind of strate~y, the facility cu~tomarilv
in divided into ● number of materiala balance ● rean (HEMs) ouch as those ●hovn in FiE. 1.
A bslance ia drawn tbout ●ach MBA-coincident with a physical inventory of that HRA. Thus ,
the timelineo~ of ● conventional ●ccounting ny-tem in limited by the physical inventnrv
frequency,which in turn ia oeverely constrained by the ●cnnonic@ Of Proces@ oPeratiOn.

.
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Fig. 1. IfSAs for reprocensinR facilities.

Near-real-time (or dynamic) ❑aterisla ●ccountinu ❑ay be thought of an an nu$mentation
of conventional mteriala ●ccountinB in which additional materialn balances are drawn be-

twpen physical inventorioa. The phyaicol inventory meanurementa ● re replaced by mea.urc-

raenta, or eatimatea, of the in-proceaa inventory using on-line or at-line instrumentation

●nd ●ophiaticated data ●nalyaie ❑ethods. The drawing of such dynamic m6terialp balances

uometimea in facilitated by subdividing the NBAa into unit pro?eaa accounting arean (UPAAB)
that ●re closely related in time ●nd ●pace through proceaa ntructurea and operating prncr-

d~rea. Th~ Uae of ne~r-re.]-tim~ accounting baaed on thp Upm auhdivinion generally prn-
videa imoroved sensitivity, in time, location, and amount, to diversion of nuclear

material. tie huve considered mixtures of these ●trategiea for the referencr faciliticR.

A. Large Reference Focility

High-throughput facilities, ●ueh aa the ACttS plant, will be of increasing oafcRuardn
intereat in the next fau yeara. Therefore, we have studied the aafeRuardn nnpocts of such
● reference facility baaed on the ACNS deai,gn ● a the beat example currently ●vailable.

1. Conventional Nat,,rialn Accounting

Conventional metgriale ●ccounting relies on dincrete-itcm counting and materid]n-
balance clooure following periodic shutdown, cleonout, ●nd phvaical inventory. For this
study, the baaoline facilltiea are divided into four H8AII. An ?fSA in generally a physical
●rea that ia identified ●uch that the quantity of nuclear materiala moving into or out of
the NSA can ba meaaured. The input, output} and inventory measurement points for theop

NMa ● re called key ■eaauremant points (KNPo).
Aa ●h- in ~i@.. 1, the four HMo ●re fuel receiving, storage, chop, and leach (ttBA i),

●eparationa protean area (N8A 2),- uraniwn product atnrage arr.a (MIA 3), and plutonium-
nitrate storage ●rea (MBA 4). NBA# 1, 3, ●nd 4, are shipper/receiver MBAa while MSA 2 ia a
proceaa HBA. Bach of the NM@ i- daacribed in the following text.

.
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●✎ MBA l--fuel receiving, $torage, chop, ●nd leech. The fuel receiving, storage,
chap, end leach MBA tncludea the ceek-unloeding and spent fuel pools, the shearing opera-
tion, and the dissolution process. The flow KMPs are:

KMPl- receipt of irradiated fuel,
KlW2- transfer.s froa MBA 1 to MBA 2 (cheaical separations MBA),
~3- meaaured discards ‘hulls), and
lU4Pft- recycle from MBA2.

The inventory KMP ia located in the spent fuel pool.
A shipper/receiver difference can be closed ●bout WJA 1 after each campaign (approxi-

mately every 5 daya) when the diesolver tanks, hull-rinse tenk~, and aaaociated piring are
drained and fluehcd into the ●ccountability tank, This flush-out between batches from
different customers results in e more accurate shipper/:eceiver difference because it mini-
mizes contamination from previous customer batchea. The shipper/receiver difference is
obtained by adding the shipper’s values for a number of fuel batches (KMP 1) to the corre-
sponding n,lmber of batches of racycled acid (KMP 4) and subtracting the accountability tank
and laboratory vial batcha.s (KMP 2) and the laached hull batches (KMP 3). Inventory veri-
fication in MBA 1 ia besed on piace count and identification of the fuel assambly fabrica-
tion seriel numbers.

b. MBA2--chemical se~tiona process. This MBA includes the solvent-extraction
operations from the accountability tank to t~e uranyl-nitrate and plutonium-nitrate product
sample tanka. The flow KMPs are:

~p - transfers to MEA 2 from MBA 1,
me 4 - recycle to MBA 1,
I(MP 5 - measured discards and retained waete,
KMP 6 - transfers from MBA 2 to MBA 3 (uranyi-nitrate storage),
me 1 - recycle from MBA 3,
I(MP 8 - tranafers from MBA2 to MBA4 (pi, tonium-nitrate storage),
KMP9 - recycle from MBA4, dnd
me 10 - transfers to MBA 2 from the conversion process.

The inventory KMPs are the analytical laboratory and those tanks in which reliable volume
measurements can be mada when the procecs is drained and flushed.

A physical inventory in 148A 2 irmludes a shutdown and flushout of the separations pro-
cess area, and a cleanout of extraneous samples and a piece-count verification of remaining
materials in the laboratory, The procees line is drained and flushed into approximately 26
primsry account.sbility tanks that have been calibrated so that reliable volume measurements
can be made and samples can be taken for analyaia.

A matarials balance is taker, after each physical inventory by adding all maaaured
receipts (KMPa 2, 7, 9, and 10) to the initial inventory and subtracting all measured re-
movals (KMPs 4, 5, 6, and 8) ●nd the final inventory,

c. MBA 3--uranyl nitrate pro~uct. The uranyl-nitrate product MBA ia a shiFper/
receiver MBA. The shipper’s value 1s accepted under K14P6 end ia obtained from chemical
analysis of a sample and voluma measurement of the uranium product sample tank. The re-
ceiver’s value is accepted under W 11 ●nd consists of chemical analysis of a sample and
volume measurement of. the ura~yl nitrate ●ccountability tank at the haadend of the UFG
fecility. This MBA has no inventory because solution is transferred directly from the urs-
nium product tank in the chemicel saparationa ●rea (MBA 2) to the collocated UFS facility.

d. MBA 4-- plutonium nitrate product etorage. Tha plusonium nitrate product storage
MBA c-ontains slab tanka that ●re capable of storing 42 000 L of plutonium nitrate at a con-
centration of 250 g Pu/L, This MBA is a ahipparlreceiver MBA, Tha plutonium-nitrate solu-
tion transferred from the plutonitau-product measuring tank to the plutoni~-nitrate storage-
facility slab tanka through KMP 8 conatitutee the shippar’s valua, The nitrate product
transferred to the receipt tanks in the collocated oxida-conversion plant constitutes the
output of MBA 4. The receiver’s value is determined by volume measurements and samples
taken for chemical ●nalysis in th4 raceipt tanks, Alternatively, plutonium-nitrate product
that does not meat specifications can be recycled through I(MP 9 from the slab tanks back
through tha separations proseoa area (MBA-2) on a campaign basis. In this case, the re-
ceiver’s value is determined in the plutonium rawork tank in MBA 2 using volume measurements
and chemical ●nelysia.

.
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A physical inventory in MBA 4 requires volume mesm.srements, sampling, and analysis of
all solutions isi the storage area or, alternatively, confirmation that tamper-safe seals
are intact and the prior measurements are still valid.

2. Dynamic Matariala Accounting

Dynamic materiala accounting can provide significant improvement in the chemical sepa-
raziona proceaa MBA. The chemical ●eparationa proceea area can be treated either as a
e!ntle UPAA or as two UPMS: a codecontamination-partitioning process UPM (UPAA 1) and a
plutonium-purification proceaa UPAA (UPM 2). This UPAA structure ia complementary because
dynamic materials balancea can be taken about the chemical separations area in two ways.

a, UPAA 1 2--chemical reparations proceaa. The chemical aaparations process MBA can
be treated ss a single UPMt (UPAA 12) if meaaurementa of the in-process inventory are msde
on each of the major Process veaaels in the process area. The inventm-y measurements must
be added to the inventory K14Ps.

In-process inventory measurements can be combined with flow KMPs 2, 4, 5, 6, 7, 8, 9,
ant 10 to fomn a dynamic materiale baiance approximately every two days. Becauae most of
the material is transferred through the feed and product KMPs, the frequency of taking
materials balancea is governed by tha feed md product batch frequencies. Under normal
operating conditions, two and one-half accountability bacchea and one product batch are
processed every dsy. Therefore, process logic dictatea that a materials balance can be
taken every two daya to include an integral number of feed and product batches. Smaller
batches, for example waste bat?hes to high-level waste, are included in the msterials bal-
ancea when the measurement become available.

Alternatively, a materials balance could be taken around UPAA 1 2 after each feed batch
(approximately every 9.6 h) if an on-line plutonium product measurement is added. The
product measurement would consist of flow and concentration measurements.

b. UPAA l--codecontamination-partitioning proceaaea. A separate LIPAA can be formed
around the codecontamination-partitioning proceasea i: flow and concentration measurements
are,added to the lBP, 15P, and POR streams. A dynamic materials balance can be taken about
UPAA 1 for esch feed accountability batch (every 9.6 h) by combining measurements of the
concentration and volume of the feed bstch, the concentration and flow in the lBP, 15P, and
POR atreans, the initial and final in-process inventories in the process vessels, and the
concentration and volume of the high-activity waste (NAW) sample tank solution.

c. UPAA 2--plutonium purification process, Dynamic materiala balsnces can be taken
about the plutonium purification process If flow and concentration meaaurementa sre added
to the aqueoua and organic recyclt: streams (2AW, 2BW, 3AW, 3BW, and 3PD), and in-process
inventory in contactora and the evaForat~r’ can be estimated. The balances can be taken
using one of two product measurements, tt,e daily batch in the pluton~um sample tank or the
on-line flow and concentration meaaurementa on the concentrator product J3PCP! s&ream.
Contactor in-process inventory may be estimated using proceaa opernting data..

B. Small Reprocessing Plant

Many commercial reproceaaing planta that are currently operating hsve capacities of

less than 300 MTHM/year. Therefore, ● ❑aterialn measurement and accounting system that
would be more typical of presently operating reprocessing plnnts wss evaluated using the
Iokai reprocessing plant ae tha reference facility,

1. Conventional Materials Accounting

The physical iwentory ●ccounting ayatem etructure in a small plant is identical to
that of tne large plant.

2. Dynamic Materisle Accountin&

Near-real-time accounting of plutonitm can be applied to th~ chemicai separations srea,
as a single UPAA, without additional measurement points by periodically sampling for chrmi-
cal an:lysia and meaauring the volume of esch of the process vessels, and estimating the
in-process inventory in ●ach mixer-settler bank. Thef.e measurements are necessary for

.



determining the in-process inventory. The UPM boundaries are the accountability tank, the
plutonium receiver tank, and the waate and recycle ●cid tanks. A dynamic materials balance
can be drawn after any integral combination of feed ●nd product batchee; i.e., a materials
balance could be taken as often ●a once a day (two feed batches and one product batch).

As ahown in Fig. 2, the near-real-time ●ccounting syatam could be extended to include
three UPAAS, and combinations thareof, within the chemical separations area. The UPAAS
within the chemical aeparationa area would be codecontamination-partitioning, UPAA 1;
codecontamination, UPAA 1A; partitioning, UPAA lB; and plutonium purification, UPAA 2. The
codecontamination-partitioning can be divided into two UPAA? because of the buffer tanks
that are between the firat and second extraction cycles. This option is lacking in the
large chemical aeparationa plant where euch a division is not poaaible. Added measurements
include flow and concentration in the atreama between the UPMS, as well as on-line or
at-line concentration measurements for detenaining in-process inventories. The feed and

product batch measurements rely on the traditional installed volume measurements coupled
with chemiaal analysis. In-process inventory volume measurements are also in plsce.

v. MODELING, SIMULATION, AND ANALYSIS TECHNIQUES

A. Modellng and Simulation .4pproach

The design and evaluation of the accounting systems are based on computer aimuiations
of the reference facilities because these facilities have either not been built or have not
been operated in a full production mode. Additionally, alternative operating, measurement,
and accounting strategies can be readily compared.

The modeling and simulation approach requires (1) a detailed dynamic model of the pro-
cess based on actual design data and operator experience; (2) simulation of the model pro-
cess on a digital computer; (3) a dynamic model of each measurement system based on best
estimates of instrument performance and behavior; (4) simulation of accountability measure-
ments applied to nucJ.ear materials flow and in-process inventory data generated by the model
process simulation; and (5) evaluation of simulated materials balance data from various

materials accounting strategies.4

UPAA 1 2
CHEMICAL SEPARATION

UPAA 1
CODZCONTAMINATION/PARTITIONING

UPAA I A

CODECONTAM-
INATION

PRoCESS

I - UPA,2

{1--p
UPAA I B

PARTITIONING PLUTONIUM

PROCESS

1

PURIFICATION
PROCESS

I

-1
Fig. 2. UPMS in the reference omkll chemical separations facility.



Analysim of ●aterialo accounting data for datection of possible nuclear ❑aterials
diversion is one of tha major fmctiono of tha MIAS. Diveroion my occur in t- basic pat-

terns: sbrupt diveroim (the ci~le thaft of s ralativaly large amount of nuclasr mate-
rials) and protrsct~d divarsim (rep+mtad theftn of nuclesr materials on s orale too ..rali
to be dctocteci in s singl- materials balamca becaum of maaourement uncartmintics).

The usc of tmit-procaca ●ccounting mnd dynmmic matnrialm balsnces enhmnceo the ability
to detect such diveraiono, but it ●lno meaus thnt ths operator of the oaftguard~ systan
will be inundatad with mtarials ●ccountant data.

Decioion analycio (tea Rafs. 5-9), which c~inaa techniques frm ●nimation th~ory,
dacioion theory, and aysteme analy#i#, haa been davaloped ●r s logical framework of tools
far statistical traatment of the d~ic mmttrialo ●ccounting data that baccme ●vailable
Sequentially in time. It. primary goals are (1) datec:ion of the ●vent(s) that nucle-r
materiala his been divarted, (2) ●animation of the amount(s) diverted, ●nd (3) determina-
tion of the significance of the sstimates.

The dacioion mntlyois ●lgorithm include the Shevhart chart, cunm, uniform diversion
test (tiDT), sequential variance test (SVT), smoothed ❑sterials balance test (StfST), ●nd
Wilcoxon rank om tact. The ●lgorithms for the Sheuhart chart, cuoma, UM’, S’VT, ●r.d SMBT
are structured to ●ccount for corrolaced data (oo-called ayatmatic ●rrors) no that correct
variancea ●re computad for the ●raociated decision taoto.

c. Data Analytia Graphic Aids

The decioion testo ❑ ust ●xamine ●ll pocoible oequenceo of the ●vailable materialo bal-
ance data becauae, in practice, the time at which a sequence of diversions begins ie never
knovn beforehand, Furthe-re, to ensure uniform ●pplication and interpretation, ●ach teat
should be performed ●t several level- of significance. Thus , s graphical display that
indicatea thooe sequenceo that cauae alarms, specifying ●ach by ito lsngth, time of occur-
rence, ●nd significance, io ●caential. One nuch tool ic the alarm-otquence chart,lo a
type of pattern recognition device that hao proven very useful fo~ aumnarizing the results
of the vsrious tetta and for identifying trando.

D. Syntmo Performance Analyais

Dne ●o~antial part of denigning nuclear materi~lo ●ccounting cystems is analyzing their
●xpected performance in detecting losoeo of nuclear m4terial.11 Systems performance
analyaia, in turn, implies the definition of ●uitable performance ❑eanures that can be
●asily rel~ted to ●eternally established criteria. Thun , thmre ● re two ●spects of the
●nalyais problem: first, defining performance ❑easures, ●nd second, relsting those ❑ eaeures
to ●stablished, $uancitative performance criteria.

Parfonmance meaouren for any nuclesr materials ●ccounting oyotem ambody the concep.s
of lees-detection cen-itivity and loss-datection time. Becaua.a of the fitatistical nature
of materials ●ccounting, loss-detaction ●tnoitivity can be described in terms of the prob-
●bility of detecting oame ~unt of 10SS while ●ccepting ●ame probability of ● false ●larm.
Loss-detection time is :he the required by the ●ccounting system to 1 zch omue specified
level of loss-detection senoitivicy. NrLe that the 10SC scenario is not specified; that
iE, whether the 1000 ncct,ra in an abrupt or i~ ● protracted fanhion, the total amount of
loss io the measure of performance. Note ●loo that loom-detection time only refers to the
internal reaponae tima of the ●ccounting oyatem.

Intuitively, the performance of any ●ccounting system io describable by nme function

P [L,N,a] , (1)

where P in the ●ccounting ayatmm’o probability of los~ detection, L io the total amount iif
10SS ov~r a period of R balancea, and a ie the false-slam probability. Thus, a convenient
way of displaying cyatem performance would be ● three..dimenaional graph of the surface P
#er#un L ●nd H for am specified vJluc of n. These graphical displayo, called
ourfacern, =%?%portray the expected performance of ●n ●ccounting syo:em as ● function o
three performance maMoureo, 1000, tires, ●nd detection probability, rather than ● E ● single
point .
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VI. EFFECTIVENESS OP TNS OPFRATOR’S MATERIALS lEASURiWENT AND ACCOUNTINGSYSTFM

The operator’a material measurement ●nd ●ccounting svstem for an internationally veri-
fiable aafeguarda wyatem, irscludin $ locatio n ●nd typea of flow and concentration sensors,
haa been described previously.1~1 $13 The ●fftqctivenega of the accounting ayst-m that
uses conventional And dynamic accounting for detecting abrupt and protracted diversion of
uranium and Dlutonim were evaluated for the NSA atructurea described in Sec. 111 using
modeling, simulation, and enalyaia techniques diacuaaed in Sec. XV-13

Table I liata materiala balence sttndard rleviationa fer conventional materiala ●ccount-
inf in tke process NBAa of thfi :eference facilities. These matsriaia accounting uensitivi-
ti{ja will be degraded if high-quelity meaauraments cannot be obtained. Conversely, the
uensitivitiea cottld be improved if measurement ●rrors can be cor.trolled. tieaaurement errors
can he controlled by identifying the dominent ●rror aourcea and establishing effective
measurement control procedures. Note that the diversion detection sensitivity is at leqst
3.3 times the materials balance standard deviation for a 95% dete;tion probability and a
falae alarm probability of 5%. From our analyaia, we conclude that:

● For 235U the proposed IAEA criteria for diversion sensitivity snd timeliness
probably are attainable by conventional materials accountability if rigorous mate-
rials measurement control programa are instituted.

● For plutonium, the proposed IAEA criteria for sensitivity and timeliness cannot be
met by conver,tional materials accountability.

Near-real-time materials accounting techniques were applied to the process MBAs in an
effort to meet the proposed IAEA criteria. Materials balance uncertainties for the refer-
el,cc facilities are summarized in Table II. In each case, a range of uncertainties is given
for the largest UPkl that was considered--the entire process area for eaci) facility. The
cases considered range from beat-caae estimates of contactor in-process inventories with
two-day recalibration of input-output flow and concentration measuring instruments, to
worst case estimatea of contactor in-process inventories with no recalibration within the
accounting periods. Note that the diversion detection sensitivity is at least 3.3 times
the materials balance standard deviation for a 95% detection probability and a false-a
probability of 5%.

In examining both tile conventional (Table I) and the dynamic (Table II) mater:
accounting sensitivities, we further conclude that for plutonium:

● In the ~ chemical separations process area, the proposed IAEA criteria

als

for
detecting abrupt diversion can probably be met if a rigorous meaa~lrement conLrol
program is undertaken.

● In the & chemical separations process area, the proposed IAEA criteria for
detecting p retracted diversion cannot be met by any known system; the goal quantity
is only 0.05% of the annual plant throughput.

TABLE I

CONVENTIONALNATERIALS ACCOUNTINGIN TNE
REFERENCE FACILITIES

Materials Balance Standard Deviationa (kg)
Accounting

Per iod’ Large Reference Facility Small Reference Facility
(months) U-235 Pu U-235 Pu

3 10.4 13.4 1.4 1.9

6 20.3 26.2 2.8 3.7

12 40.1 52.1 5.7 7.3

.



1.
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3.
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Accounting
Period

1 balancec

1 day

2 days

1 week

2 week8

1 mo.lth

TABLE II

DYNAMICMATERIALS AC-’Xlt?TING IN THE
RSFERSNCE FACILITIES

?laterials Balance Standard Deviationa (kg RI)

Lsrge Reference Facilitya

2.0-2.3

---

2.1-2.4

2.5-3.4

3.0-5.3

3.9-9.5

Small Reference Facilit~b

0,26-0.37

0.26-0.37

---

0.32-0.43

0.37-0.57

0.53-0.83

aRenges are given from two-day recalibration, 5% estimates of
concactor in-process inventories to no recalibration, 10% esti-
matea of contactor in-process inventories.

‘Ranges are given from two-day recaiibrations, 10% estimates
of contactor in-process inventories to no recalibration, 20%
estimate of contactar in-process inventories.

CA materials balance is taken every 9.6 h in the large chemi-
cal separations process and one day in the small chemical sepa-

.ions process .

● In the small chemical separations process area, proposed IAEA criteria for abrupt
diversio-obably can be met.

● In the small chemical separations process area, the proposed IAEA criteria for

protract~version may be achievable.
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